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PREFACE 

The  study  on  which  this  report  is  based  is  part  of  a  comprehensive  research 
project  on  evaluating  quality  and  developing  objective  measures  of  quality 
characteristics  to  improve  efficiency  in  marketing  agricultural  products. 

This  report,  following  a  similar  report  concerning  the  long-term  storage 
of  cottonseed  oils,  describes  the  changes  in  quality  characteristics  during  the 
storage  of  soybean  oils.  These  changes  can  affect  the  value  of  soybean  oils  in 
trading  channels  based  on  specifications  of  the  National  Soybean  Processors' 
Association  ( N.S.P. A. ) . 
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SUMMARY  AND  CONCLUSIONS 

This  study  showed  that  probable  changes  in 
characteristics  of  once-refined,  degummed  crude, 
and  crude  soybean  oils  can  be  predicted  for  various 
periods  of  storage.  These  characteristics  are  re- 
fined color,  peroxide  value,  bleached  color,  free 
fatty  acids,  and  refining  loss. 

The  data  obtained  in  4  years  from  tests  of  sam- 
ples taken  from  50-gallon  drums  at  Beltsville,  Md., 
under  controlled  storage  conditions  can  be  related 
to  oils  as  if  they  had  been  stored  in  commercial 
field  tanks.  Fourteen  drums  each  of  once-refined 
and  crude  oils  and  eight  drums  of  degummed 
crude  oils  from  four  areas  of  the  country  were 
tested  in  the  study. 

With  minor  exceptions,  no  changes  in  charac- 
teristics were  noted  that  would  not  meet  specifica- 
tions under  the  Trading  Rules  of  the  National 
Soybean  Processors'  Association  (N.S.P.A.). 
However,  the  commercial  value  of  several  of  the 
oils  decreased.  The  N.S.P.A.  has  no  specifications 
for  peroxide  value,  which  increased  at  various 
rates,  depending  on  the  type  of  oil  and  condition 
of  storage.  Industry  uses  the  test  for  peroxide 
value  extensively  as  a  means  of  measuring  quality 
of  vegetable  oils. 

All  tests  results  were  correlated  with  accumu- 
lated time-temperature  units  as  was  done  in  an 
earlier  study  of  cottonseed  oils.1  Formulas  are 
based  on  statistical  interpretation,  which  in  most 
instances  predicted  with  significant  degrees  of  ac- 
curacy characteristics  after  storage  as  they  were 
related  to  characteristics  before  storage. 

The  most  precise  measure  to  determine  the  de- 
crease of  quality  during  storage  is  the  decrease  in 
color  of  the  refined  oils  and  the  decrease  in  the  re- 
fined color  of  the  crude  oils.  However,  the  decrease- 
in  refined  color  depends  on  the  extent  of  the  initial 
color  as  well  as  on  time-temperature  and  storage 
conditions. 

The  N.S.P.A.  has  not  established  specifications 
for  refined  color  of  soybean  oils.  The  decrease  in 
color  of  the  refined  oils  and  the  decrease  in  refined 
color  of  the  crude  oils  are  results  of  oxidizing  re- 
actions, which  also  can  be  determined  by  increase 


1  Baumann,  L.  A.  predicting  quality  of  stored  cot- 
tonseed oils.  U.S.  Dept.  Agr.  Market.  Res.  Rept.  523,  56  pp. 
1962. 


in  peroxide  value.  The  decrease  in  refined  color, 
along  with  the  increase  in  peroxide  value,  is  less 
when  access  to  air  is  limited  and  greater  when 
temperatures  are  high.  The  higher  temperatures  of 
soybean  oils  stored  in  drums  can  also  account  for 
the  fact  that  the  decrease  in  refined  color  and  the 
increase  in  peroxide  value  are  greater  for  oils 
stored  in  drums  than  for  oils  stored  in  field  tanks. 

Peroxide  values  of  the  three  kinds  of  oils  stored 
in  drums  at  Beltsville  for  4  years  were  highest  for 
the  once-refined  oils  and  lowest  for  the  crude  oils. 
The  values  of  the  degummed  crude  oils  were  about 
midway  between  the  two.  Although  the  rate  of 
increase  in  peroxide  value  appeared  to  be  about 
the  same  for  all  three  oils,  the  degummed  crude 
oils  delayed  somewhat  in  peroxide. formation  ini- 
tially and  crude  oils  delayed  even  more.  Peroxide 
values  increased  in  the  once- refined  oils  with  initial 
accumulative  time-temperature  units. 

The  rate  of  increase  in  peroxide  value  appar- 
ently did  not  change,  even  in  the  once-refined  oils 
throughout  the  4  years  the  oils  were  in  storage. 
However,  the  rate  of  increase  for  two  drums  of 
once-refined  oils  held  in  storage  2  years  longer  was 
less  in  the  5th  and  6th  years.  The  rate  of  decrease 
in  refined  color  was  the  same  during  these  2  years 
as  the  rate  during  the  first  4  years  of  the  test. 

All  the  once-refined  and  crude  oils  increased  in 
bleached  color  up  to  about  the  2d  year  of  storage ; 
after  that  time  they  either  decreased  in  bleached 
color  or  showed  little  change.  However,  only  one  of 
the  once-refined  oils  exceeded  the  N.S.P.A.  specifi- 
cations limit  of  3.5  units  in  bleached  color  at  any 
time  during  storage.  Accordingly,  no  discount  in 
trading  channels  would  be  made  on  the  oils,  except 
on  the  one  once-refined  oil  and  then  for  only  a  short 
time  during  storage.  Some  evidence  shows  that  oil 
in  drums  with  limited  access  to  air  during  storage 
showed  less  decrease  in  bleached  color  during  the 
last  2  years  of  the  test  than  oil  in  drums  with  com- 
plete access  to  air  by  means  of  breathers. 

Although  most  of  the  once-refined  oils  did  not 
exceed  the  N.S.P.A.  limit  of  specifications  (0.1 
percent)  initially,  free  fatty  acids  in  all  but  one 
of  the  oils  increased  beyond  specifications  early 
during  storage  in  the  drums.  The  free  fatty  acids 
in  that  oil  never  changed.  Because  of  lower  temper- 
ature in  field  tanks,  the  increase  would  probably  be 
much  slower  had  the  same  oils  been  stored  there. 

Free  fatty  acids  in  the  degummed  crude  and  the 
crude  oils  did  not  change  during  storage  of  the  oils 
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received  from  three  of  the  four  areas  of  the  coun- 
try. Free  fatty  acids  in  the  oils  from  the  fourth 
area  increased  significantly.  However,  when  re- 
lated to  refining  loss,  these  increases  would  not 
amount  to  appreciable  discounts  on  the  market. 

Relationships  between  free  fatty  acids  of  the 
oils  and  cup  refining  loss  before  and  during  si  orage 
were  highly  significant.  Accordingly,  to  placi 
nomic  value  on  the  oils,  refining  loss  can  be  esti- 
mated from  the  free  fatty  acid  content. 

INTRODUCTION 

The  vegetable-oil  industry  rarely  stores  soybean 
oils  longer  than  necessary  during  the  operating 
season.  No  information  is  available  that  reports 
possible  changes  in  quality  factors  of  soybean  oils 
when  stored  either  as  once-refined,  degummed 
crude,  or  crude  oils  for  periods  longer  than  a  few 
months.  The  continuing  increases  in  the  produc- 
tion of  soybeans,  along  with  increased  demand  for 
soybean  meal,  may  make  it  economically  desirable 
to  store  soybean  oil  before  deodorization. 

Storing  vegetable  oils  could  become  a  wartime 
necessity  and  has  already  been  used  in  Govern- 
ment price  support  programs.  If  oils  could  be 
stored  for  long  periods  without  substantial  change 
in  quality,  more  orderly  and  efficient  marketing 
would  be  possible.  Furthermore,  better  knowledge 
of  the  effect  of  storage  on  oils  could  contribute  to 
The  production  of  better  quality  oils. 

Storage  of  soybean  oil  in  eommerical  field  tanks 
after  deodorization  is  not  practical,  particularly 
because  of  the  possibility  of  undesirable  changes 
in  flavor  known  as  reversion.  However,  storage  of 
once-refined  and  crude  oils  is  practical. 

Tests  generally  used  by  industrial  vegetable-oil 
laboratories  on  refined  and  crude  cottonseed  oils 
provide  data  to  estimate  quality  changes  to  be  ex- 
pected when  these  oils  are  stored  for  long  periods.2 
Storing  cottonseed  oils  in  drums  under  experi- 
mentally controlled  conditions  can  be  related  to 
storing  these  oils  under  commercial  conditions  in 
Held  tanks.  Changes  in  quality  characteristics 
during  storage  were  significantly  related  to  time 
and  temperature.  Similar  test  results  related  to 
this  time-temperature  factor  can  be  used  to  esti- 
mate changes  in  quality  of  soybean  oils  during 
long-term  storage.  Also,  data  are  available  to  re- 
late storage  of  soybean  oils  in  drums  to  storage  in 
field  tanks. 

OBJECTIVES 

The  primary  objective  of  this  study  was  to  de- 
termine the  extent  of  changes  in  quality  charac- 
teristics  of   once-refined,   degummed   crude,   and 

:  See  footnote  1.  page  1. 


crude  soybean  oils  during   1   yea  is  of  storage  in 
drums,  and  to  relate  the  changes  to  these  charac- 
terisl  ics  as  they  were  before  storage. 
Other  objectives  were: 

(1)  To  determine  any  decrease  in  value  during 
storage,  of  the  oils,  in  accordance  with  trade  speci- 
fications  of  the  N.S.P.A. 

(2)  To  determine  the  relative  keeping  quality 
during  storage  of  soybean  oils  in  the  three  stages 
of  processing;  namely,  once-refined,  degummed 
crude,  or  crude  oils. 

(3)  To  ascertain  the  relative  importance  of  some 
tests  used  by  industry  to  measure  the  quality  of 
soybean  oils. 

(4)  To  relate  all  these  findings  to  commercial 
storage  of  soybean  oils  in  field  tanks. 

METHODS  AND  PROCEDURES 

CONDITIONS  OF  STORAGE 

Soybean  oils  were  obtained  from  four  areas; 
Arkansas,  Georgia,  Illinois,  and  Minnesota.  All 
oils  had  been  extracted  by  solvent  except  the  oil 
from  Georgia,  which  had  been  extracted  by  screw 
press.  Six  drums  of  once- refined  and  six  of  crude 
oils  were  obtained  from  Illinois;  two  drums  of 
once-refined  and  two  of  crude  from  Arkansas, 
Georgia,  and  Minnesota:  six  drums  of  degummed 
crude  from  Illinois:  and  two  drums  of  degummed 
crude  from  Minnesota.  All  oils  were  stored  in  the 
summer  of  1959,  except  two  drums  of  once-refined 
and  two  of  crude  oil  from  Illinois,  which  were 
stored  in  the  summer  of  1957  and  allowed  to  remain 
in  storage  for  6  years.  All  the  drums  were  taken 
out  of  storage  in  the  summer  of  1963. 

All  the  drums  of  oil  except  four  drums  of  once- 
refined,  four  of  degummed  crude,  and  four  of 
crude  from  Illinois  59  (oils  from  Illinois  stored 
in  1959)  were  stored  under  control  conditions. 
These  control  drums  were  set  up  to  simulate  the 
most  general  conditions  of  storage  in  field  tanks; 
namely,  painted  aluminum,  with  breathers,  and 
at  an  angle  to  allow  moisture  to  drain.  They  were 
stored  outside,  exposed  to  atmospheric  conditions. 
No-breather  drums  were  the  same  as  control 
drums,  but  they  had  no  breathers  and  were  opened 
only  when  sampled.  Half-filled  drums  also  were 
the  same  as  control  drums,  but  they  were  only 
half-filled. 

Two  of  the  four  drums  of  once-refined,  two  of 
the  degummed  crude,  and  two  of  the  crude  oil  from 
Illinois  '59  were  closed  to  exclude  air;  they  were 
opened  only  for  sampling  and  were  called  no- 
breather  drums.  The  other  two  drums  of  each  kind 


3  National  Soybean  Processors'  Association,  year 
book  and  trading  rules.  3818  Board  of  Trade  Building, 
Chicago,  111.  60601.  1964-65. 


PREDICTING    QUALITY    OF    STORED    SOYBEAN    OILS 


of  oil  were  only  half-filled,  so  were  called  half- 
filled  drums.  All  other  storage  conditions  were  the 
same  as  those  of  the  controls.  These  two  sets  of 
different  conditions  were  to  show  the  effect  of 
limited  access  to  air  and  the  effect  of  high  tem- 
peratures on  the  quality  of  stored  soybean  oils. 
All  the  drums  were  exposed  to  outside  atmos- 
pheric conditions  at  Beltsville,  Md.  As  far  as  was 
practical  at  the  mills,  each  set  of  two  drums  con- 
tained oil  from  the  same  lot  of  soybeans;  how- 
ever, in  most  instances  oil  from  the  same  lot  could 
not  be  obtained  at  the  once-refined  and  degummed 
crude  stages  of  processing. 

SAMPLING  AND  TESTING  METHODS 

From  April  to  October  each  year  during  the 
storage  period,  12  to  15  one-quart  samples  were 
drawn  from  each  of  the  36  drums.  Each  sample 
was  drawn  from  the  center  of  the  oil  in  the  drum. 

Recorded  temperatures  showed  that  when  all 
the  oil  was  liquid,  the  temperature  at  the  center 
was  an  average  of  temperatures  throughout  the 
rest  of  the  oil,  and  samples  of  oil  drawn  from  other 
points  did  not  differ  significantly  in  test  results 
from  samples  drawn  from  the  center.  Variations 
in  temperatures  of  the  oil  in  the  top  and  the  bottom 
of  the  drums  were  wide,  depending  on  ambient 
temperature.  These  variations  were  wider  in  the 
half-filled  drums  than  in  other  drums. 

Recorded  temperatures  of  the  oil  at  the  center 
of  the  drums  showed  a  direct  relationship  to  am- 
bient temperatures  as  reported  by  the  T.S. 
Weather  Bureau;  however,  records  also  showed  a 
time  lag  that  was  determined  by  the  rapidity  of 
changes  of  ambient  temperature. 

An  independent  laboratory  tested  the  samples 
with  methods  of  the  American  Oil  Chemists'  So- 
ciety  (A.O.C.S.)  4   for  the  following: 

(1)  Moisture  and  volatile  matter. 

(2)  Color  of  once- refined  oils  and  refined  color 
of  crude  oils. 

(3)  Peroxide  value  of  refined  oils  and  of  refined 
crude  oils. 

(4)  Bleached  color. 

(5)  Free  fatty  acids. 

( 6 )  Refining  loss  of  crude  oils.5 

Specifications  for  all  these  tests,  except  those 
for  refined  color  and  peroxide  value,  are  listed  in 
the  Trading  Rules  of  the  N.S.P.A.  The  test  for 
peroxide  value  is  generally  used  in  all  quality 
control  industrial  laboratories.  Although  this  test 


4  American  Oil  Chemists'  Society,  official  and 
tentative  methods.  35  East  Wacker  Drive,  Chicago,  111. 
1964-65. 

6  Since  the  initiation  of  this  study,  the  N.S.P.A.  in 
October  1963  replaced  the  refining  loss  test  with  the 
"neutral  oil"  test. 


measures  the  extent  of  primary  oxidation  prod- 
ucts, it  does  not  measure  decrease  in  flavor  and 
odor  of  vegetable  oils.  However,  because  all  oils 
increase  in  peroxide  value  in  varying  degrees,  de- 
pending on  the  kind  of  oil  and  storage  conditions, 
peroxide  value  can  indicate  the  age  of  the  oil. 

RECORDING  AND  ANALYZING  DATA 

In  the  cottonseed  oil  storage  study,0  results  from 
tests  of  some  40  field  tanks  of  refined  oil  were  ob- 
tained from  the  records  of  the  Commodity  Credit 
Corporation.  These  tests  had  been  taken  during 
storage  operations  in  the  early  1950's  under  the 
price  support  program.  Similar  data  were  also 
obtained  from  an  experimentally  controlled  study 
of  both  refined  and  crude  oils  stored  in  48-  to  50- 
gallon  drums.  The  field  tanks  were  in  a  number  of 
areas  in  the  country  and  the  drums  were  at  San 
Francisco,  (  alif.,  New  Orleans.  La.,  and  Beltsville, 
Md. 

To  relate  the  test  data  obtained  from  the  cotton- 
seed  oils  under  widely  different  atmospheric  con- 
ditions, a  common  factor  had  to  be  developed  to 
compare  the  rate  of  change  of  quality  character- 
istics of  the  oils  in  drums  to  each  other,  oils  in 
tanks  to  each  other,  and  oils  in  drums  to  oils  in 
tanks. 

The  factor  developed  was  based  on  elapsed  time 
in  hours  of  storage  and  accumulative  Fahrenheit 
degrees  of  temperature.  The  accelerated  hour- 
degrees  divided  by  LOO  was  designated  time- 
temperature  units.  This  is  shown  in  table  1  for  10 
cities  in  which  vegetable  oils  are  generally  stored. 

This  same  factor  is  used  to  determine  the  rate 
of  change  in  the  quality  characteristics  of  the  ex- 
perimental drum  storage  of  soybean  oils.  Com- 
parisons can  then  be  made  between  the  results  of 
the  cottonseed  oil  study  and  the  soybean  oil  study. 

CHANGES  IN  CHARACTERISTICS 
DURING  STORAGE 

MOISTURE  AND  VOLATILE  MATTER 

Relationships  were  not  significant  between  the 
moisture  and  volatile  matter  content  of  any  of  the 
soybean  oils  during  storage  and  the  accumulated 
time-temperature  units.  Test  results  varied  from 
0.02  percent  to  0.2  percent  at  various  times  during 
storage,  not  only  in  the  once-refined  oils,  but  also 
in  the  degummed  crude  oils  and  the  crude  oils. 

The  average  moisture  and  volatile  matter  con- 
tent of  the  soybean  oils  was  0.0686  percent,  with  a 


See  footnote  1,  page  1. 
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standard  deviation  of  ±0.03381  percent  This  can 
be  compared  to  0.0647  percent,  the  average  mois- 
ture and  volatile  matter  content  of  cottonseed 
oils.7 

Parsons  and  Holmberg  determined  a  solubility 
of  0.074  percent  for  water  in  cottonseed  oil  at  32c 
I-'.  The  samples  of  the  soybean  oils  in  the  study 
were  tested  at  room  temperature,  so  the  results 
confirm  the  findings  of  Parsons  and  Holmberg. 

Some  results  of  tests  on  similar  samples  and 
some  results  of  tests  by  different  technicians  in 
the  same  laboratory  varied  widely.  Because  all  the 
oils  were  tested  after  refining  and  the  X.S.P.A. 
places  a  limitation  of  0.1  percent  on  refined  oils, 
any  test  with  results  above  this  specification  re- 
quire confirmation  by  further  tests  on  similar 
samples. 

Because  results  of  tests  of  oil  in  all  three  storage 
conditions  were  similar,  limited  access  to  air  and 
higher  temperatures  presumably  did  not  affect 
moisture  and  volatile  matter.  Accordingly,  because 
variation  of  temperature  of  oils  in  field  tanks  is 
less  than  that  of  oils  in  drums,  moisture  and  vola- 
tile matter  content  probably  would  not  change  dur- 
ing commercial  storage.  A  few  of  the  field  tanks 
when  sampled  at  the  bottom  showed  free  water 
mixed  with  oil. 


7  See  footnote  1,  page  1. 

s  Parsons,  L.  B.,  and  Holmberg,  C.  O.     the  solubility 

of  water  in  cottonseed  oils.  Oil  and  Soap  14:  2.3'.».  1937. 


REFINED  COLOR 

The  color  of  once-refined  soybean  oils  and  the 
refined  color  of  degummed  crude  and  crude  oils 
decreased  significantly  in  relation  to  accumulated 
time-temperature  units  during  storage  in  drums. 
If  these  oils  had  been  stored  in  commercial  field 
tanks,  the  decrease  in  refined  color  would  probably 
have  been  much  lower  than  that  of  oils  stored  in 
drums.  The  increase  in  peroxide  value  of  oils 
stored  in  field  tanks  would  also  probably  have  been 
much  lower  than  that  of  oils  in  drums. 

High  peroxide  values  of  either  once-refined  or 
crude  soybean  oils  could  indicate1  previous  storage 
under  adverse  conditions,  which  could  have  pro- 
duced deodorized  oils  with  off-flavors.  According- 
ly, soybean  oils  with  high  peroxide  values  are  not 
generally  acceptable  in  trading  channels  even 
though  the  test  for  peroxide  values  is  not  included 
in  X.S.P.A.  specifications.  Fresh  oil  with  no  stor- 
age under  adverse  conditions  should  have  a  per- 
oxide value  less  than  L.O  after  refining  with  good 
plant  processing. 

The  rate  of  increase  in  peroxide  value  and  rate 
of  decrease  in  refined  color  can  be  estimated  during 
storage.  Both  rates  depend  on  the  initial  refined 
color  and  the  initial  peroxide  value.  Initial  per- 
oxide value  for  fresh  oils  before  storage  was 
assumed  to  be  zero. 

Accordingly,  either  decrease  in  refined  color  or 
increase  in  peroxide  value  can  be  considered  the 
result  of  an  oxidizing  action  during  storage;  and 


Table  1. 

—  Time-temperatnre  units  in  accelerated  hour-degrees  (above  ^9° 

F.)  for 

10  areas  l 

Chicago, 

New 

Cincin- 

Washing- 
ton, D.C. 

Memphis, 

Oak- 

Dallas, 

Houston, 

New 

Los 

Month 

111. 

York, 

nati,  Ohio 

Tenn. 

land, 

Tex. 

Tex. 

Orleans, 

Angeles, 

NY. 

Calif. 

La. 

Calif. 

January 

0 

5 

43 

75 

l.ss 

5  OS 

287 

432 

441 

815 

February  _ 

6 

0 

86 

78 

257 

408 

356 

549 

626 

657 

March 

72 

28 

177 

222 

494 

685 

625 

803 

sos 

905 

April   

367 

387 

545 

679 

755 

779 

809 

904 

943 

895 

Mav 

868 

895 

923 

1,  001 

1,  064 

830 

1,  087 

1,  109 

1,  111 

931 

June 

1,  152 

976 

1,  019 

1,  062 

1,  082 

864 

1,  129 

1,  142 

1,  129 

954 

July 

1,  083 

1,079 

1,  103 

1,  130 

1,  L38 

917 

1,  189 

1,  177 

1,  166 

1,  067 

August       _   _   . 

1,  129 
949 

1,  100 

984 

1,  119 
963 

1,  157 
1,  019 

1,  160 

1,  (144 

930 
890 

1,  231 
1,  104 

1,  179 
1,  111 

1,  183 
1,  108 

1,  048 

September        

1,  002 

October  _ 

440 

732 

611 

794 

856 

913 

918 

1,  033 

1,  048 

972 

November 

91 

156 

209 

302 

383 

587 

417 

551 

631 

892 

.December 

50 

58 

109 

130 

288 

423 

483 

612 

618 

812 

Total 

6,207 

6,400 

6,907 

7,649 

8,709 

8,  734 

9,  635 

10,  602 

10,812 

10,  950 

1  Calculated  from  U.S.  Weather  Bureau  reports  at  local  airports  by  grouping  hour-degrees  in  increments  of  5°,  using  a  fac- 
tor of  1.0  times  the  total  hour-degrees  of  50°  to  54°  F.  as  a  base  and  increasing  the  factor  by  0.1  for  higher  temperatures;  for 
example,  total  hours  of  55°  to  59°  times  1.1  and  total  hours  of  60°  to  64°  times  1.2.  Temperatures  at  the  nearest  Bureau 
location  compared  with  temperature  at  the  exact  location  of  storage  did  not  differ  significantly.  For  example,  between 
Bayonne,  N.J.,  and  New  York  International  Airport;  between  Beltsville,  Md.,  and  Washington  National  Airport;  and 
between  Albany,  Calif.,  and  San  Francisco  Airport. 

Source:  Baumann,  L.  A.  Predicting  Quality  of  Stored  Cottonseed  Oils.  U.S.  Dept.  Agr.  Market.  Res.  Rpt.  523, 
56  pp. 1962. 
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the  change  of  these  characteristics  measures  the 
extent  of  the  reaction,  which,  in  turn,  indicates 
possible  decrease  in  quality  of  the  oils  after  deodor- 
ization  for  consumer  consumption. 

The  data  in  this  study  show  that  this  decrease  in 
quality  can  be  determined  by  results  of  tests  of 
the  decrease  in  refined  color  and/or  the  increase 
in  peroxide  value. 

Oils  in  Control  Drums 

Once-Refined  Oils. — Five  duplicate  sets  of 
once-refined  oil  in  drums  were  tested  under  control 
conditions — one  set  from  Arkansas,  one  from 
Georgia,  one  from  Minnesota,  and  two  from  Illi- 
nois. The  individual  regressions  between  color  de- 
terminations and  accumulated  time-temperature 
units  during  storage  were,  highly  significant.  The 
coefficients  of  determination  (r2 — the  amount  of 
variability  of  the  dependent  variable  ascribed  to 
the  independent  variable)  ranged  from  0.7960  to 
0.9543.  From  10  to  15  observations  were  made  for 
each  of  the  10  regressions.  The  rates  of  decrease  in 
color  between  the  oils  in  the  duplicate  drums  were 
not  significantly  different. 

A  highly  significant  relationship  was  found  be- 
tween the  rate  of  decrease  in  refined  color  and  the 
initial  color  of  once-refined  oils.  Accordingly,  when 
the  initial  color  (a)  is  known  and  the  formula 
shown  in  figure  1  is  used,  an  estimate  can  be  made 
of  the  color  after  "X"  time-temperature  units  have 
elapsed.  The  formulas  shown  in  figures  1,  2,  and  3 
were  determined  by  Edwin  L.  Cox  of  the  Biometri- 
cal  Services  Staff  of  the  Agricultural  Research 
Service,  Beltsville,  Md.  The  decreases  in  color  of 
four  once-refined  soybean  oils  with  different  initial 
colors  are  shown  for  time-temperature  units  up  to 
300  (fig.  1) .  Time-temperature  units  can  be  related 
to  six  of  the  cities  where  oils  can  be  stored. 

When  the  regression  lines  in  figure  1  are  extra- 
polated beyond  300  time-temperature  units,  pre- 
sumably the  rates  of  decrease  in  color  of  the  four 
oils  approach  similarity.  This  phenomenon  is  evi- 
dent when  oils  are  oxidized  at  faster  rates  by  high- 
er temperatures  under  constant  flow  of  air,  as  in 
the  Swift  Active  Oxygen  Method  of  the  A.O.C.S. 
to  determine  the  fat  stability  of  vegetable  oils. 

Degummed  Crude  Oies. — Only  two  duplicate 
sets  of  degummed  crude  oil  in  drums  were  tested 
under  control  conditions.  The  four  individual  re- 
gressions between  the  refined  color  determinations 
and  accumulated  time-temperature  units  showed 
that  the  coefficients  of  determination  (r2)  ranged 
from  0.7763  to  0.8279.  Twelve  or  thirteen  observa- 
tions were  made  for  each  regression.  The  rates  of 
decrease  in  color  between  the  oils  in  the  duplicate 
drums  were  not  significantly  different. 

Figure  2  shows  the  decrease  in  refined  color  of 
the  degummed  crude  oils.  The  formula  is  used  to 


determine  the  decrease  in  refined  color  of  oils  with 
the  same  initial  colors  that  were  shown  in  figure  1. 
The  slower  rate  of  decrease  in  color  is  evident 
when  the  regression  lines  for  the  degummed  crude 
oils  are  compared  with  those  for  the  once-refined 
oils. 

Crude  Oils. — Five  duplicate  sets  of  crude  oils 
in  drums  were  obtained  from  the  same  areas  as  the 
once-refined  oils.  The  initial  refined  colors  of  the 
five  crude  oils  ranged  from  7.3  to  9.2,  a  somewhat 
narrower  range  than  that  of  the  colore  of  the  once- 
refined  oils.  The  results  are  from  the  10  individual 
regressions  of  the  5  oils  from  duplicate  drum-. 

Figure  3  shows  the  decrease  in  refined  color  of 
four  crude  oils  with  the  same  initial  colors  as  those 
of  the  oils  shown  in  figures  1  and  2.  The  formulas 
shown  in  figures  2  and  3  are  very  much  alike,  and 
the  rates  of  decrease  in  refined  color  in  both  figures 
are  closer  to  linearity  than  the  rate  of  decrease  for 
the  once-refined  oils.  Standard  errors  of  estimate 
are  low  for  all  three  formulas. 

Refined  colors  of  degummed  crude  and  crude 
oils  probably  would  change  less  than  those  of  once- 
refined  oils  because  the  refining  operation  elim- 
inates some  natural  antioxidants.  The  increase  in 
peroxide  value  of  these  oils,  which  is  discussed 
later,  further  confirms  this. 

Comparison  of  Once-Refined,  Degummed 
Crude,  and  Crude  Oils. — A  comparison  of  de- 
crease in  color  can  be  made  for  the  three  oils  in 
control  drums  using  the  four  initial  colors  from 
figures  1,  2,  and  3  after  300  time-temperature  units 
(table  2). 

A  summary  of  the  data  in  table  2  shows  that  de- 
gummed crude  or  crude  oils  will  store  with  less 
change  in  color  than  once-refined  oils.  The  refined 
color  of  oils  with  high  initial  color  changed  most. 

Table  2. — Decrease  of  refined  color  in  A.O.C.S. 
red  units  oj  once-refined ',  degummed  crude,  and 
crude  soybean  oils  stored  in  control  drums,  after 
800  time-temperature  units 


Kind  of  oil  and  initial  color 

Final 
color 

Decrease 
in  color 

Once-refined: 

12 

10 

6.39 

5.  32 

4.  26 

3.  19 

9.08 
7.  57 
6.05 

4.  54 

9.  10 
7.  58 

6.  07 
4.  55 

5.  61 
4.  68 

8 

3.  74 

6 

2.  81 

Degummed  crude: 

12 

10 

2.  92 
2.  43 

8 

1.  95 

6 

1.  46 

Crude: 

12 

2.  90 

10 

2.  42 

8 

1.  93 

6 

1.  45 
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Figure  1. — Decrease  in  color  of  four  once-refined  soybean  oils  stored  at  six  locations  in  control  drums,  in  relation  to 

time-temperature. 


Relation  to  Field  Tank  Storage. — Decrease  in 
refined  color  and  increase  in  peroxide  value  are 
the  results  of  the  oxidation  of  vegetable  oils  by 
time  and  temperature.  Refined  color  probably 
would  decrease  faster  and  peroxide  value  increase 
faster  in  drums  than  in  field  tanks  because  the 
volume  of  field  tanks  is  greater  than  that  of 
drums;  thus,  ambient  temperatures  more  rapidly 
affect  the  oil  in  drums,  causing  the  oil  to  reach 
higher  temperatures  than  in  field  tanks. 


In  the  cottonseed  oil  study,9  data  concerning 
the  change  in  refined  color  and  peroxide  value 
were  obtained  from  oils  stored  in  drums  and  in 
several  field  tanks  with  different  capacities  but 
under  the  same  type  storage  conditions.  The  ratios 
between  the  rate  of  change  of  both  refined  color 
and  peroxide  value  were  almost  the  same  when  the 


See  footnote  1,  page  1. 
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Figure  2. — Decrease  in  refined  color  of  four  degummed  crude  soybean  oils  stored  at  six  locations  in  control  drums,  in 

relation  to  time-temperature. 


changes  in  oils  in  drums  were  compared  with  the 
changes  in  oils  in  field  tanks  with  different  capaci- 
ties. This  is  shown  (table  3)  for  refined  cottonseed 
oils,  with  an  initial  color  of  4  A.O.C.S.  red  units, 
stored  in  drums  and  in  vertical  cylindrical  tanks. 
Because  of  the  similarity  of  rates  of  change  in 
color  and  peroxide  value  of  both  soybean  and  cot- 
tonseed oils,  these  ratios  for  cottonseed  oils  can  also 
be  applied  to  soybean  oils. 


This  provides  information  needed  to  estimate 
changes  in  color  of  soybean  oils  represented  in 
figures  4,  5,  and  6. 

The  ratios  of  decrease  in  refined  color  for  soy- 
bean oils  in  drums  to  decrease  in  field  tanks  are : 

1 :  0.68  for  1  million  pounds  of  oil 
1 :  0.58  for  4  million  pounds  of  oil 
1 :  0.46  for  8  million  pounds  of  oil. 
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These  can  be  placed  in  the  formulas  shown  in  fig- 
ures 1,  2,  and  3  to  give  the  following  formulas : 

Figure  4.  Once-refined 

Log  Y  =  Log  a  -  0.0009126 (FZ) 
Figure  5.  Degummed  crude 

Log  Y  =  Log  a  -  0.0004038 (FZ) 
Figure  6.  Crude 

Log  Y  =  Log  a  -  0  0003995  (FZ) 

where  F  =  the  appropriate  ratio  for  the  field 
tanks. 


Oils  in  No-Breather  and  Half-Filled  Drums 

Regressions  of  color  with  time-temperature 
show  that  because  of  the  limited  access  to  air,  oil 
in  no-breather  drums  decreases  in  color  at  a  slower 
rate  than  oil  of  the  same  initial  color  in  control 
drums.  Regressions  also  show  that  the  oil  in  the 
half-filled  drums  decreases  in  color  at  a  faster  rate 
than  oil  of  the  same  initial  color  in  control  drums. 
These  data  are  in  table  4.  All  oils  were  from  the 
same  source  and  each  kind  was  from  the  same  lot. 
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Figure  3.— Decrease  in  refined  color  of  four  crude  soybean  oils  stored  at  six  locations  in  control  drums,  in  relation  to 

time-temperature. 
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Table  3. — Summary  of  data  used  to  estimate  dif- 
ferences among  changes  in  refined  color  and 
peroxide  value  during  storage  of  refined  cottonseed 
oils  in  control  drums  and  infield  tanks  with  dif- 
f  erent  capacities 


Refined  color 

Peroxide  value 

Container 

and  capacity 

(pounds) 

Decrease 
in  time- 
tempera- 
ture per 
unit 

Ratio 
to  de- 
crease 

in 
drums 

Increase 
in  time- 
tempera- 
ture per 
unit 

Ratio 
in  in- 
crease 

in 
drums 

Drums: 

420 

Tanks: 

200,000... 

1, 000,000. . . 

0.  00502 

.  00352 
.  00339 
.  00324 
.  00292 
.  00230 

1.  00 

.  70 
.68 
.  65 
.  58 
.  46 

0.  37314 
.  26611 

1.  00 
.  71 

2,000,000. .  . 
4,000,000. .  . 

.  24715 

.  66 

8,000,000.  __ 

Source:  Baumann,  L.  A.  Predicting  Quality  of  Stored 
Cottonseed  Oils.  U.S.  Dept.  Agr.  Market.  Res.  Rpt.  523, 
56  pp.  1962. 


10- 


10  8 

INITIAL  COLOR  (A.O.C.S.   red  units) 


Figure  4. — Estimated  relation  of  initial  and  final  color  of 
once-refined  soybean  oils,  stored  in  vertical  cylindrical 
field  tanks  and  50-gal.  control  drums,  filled  to  capacity, 
for  a  period  of  230  time-temperature  units.  This  is 
equivalent  to  about  2  years  at  New  Orleans  or  Los 
Angeles  or  3y2  years  at  Chicago  or  New  York. 


INITIAL  REFINED  COLOR 


Figure  5. — Estimated  relation  of  initial  and  final  refined 
color  of  degummed  crude  soybean  oils,  stored  in  vertical 
cylindrical  field  tank,s  and  50-gal.  control  drums,  filled  to 
capacity,  for  a  period  of  230  time-temperature  units.  This 
is  equivalent  to  about  2  years  at  New  Orleans  or  Los 
Angeles  or  3%  years  at  Chicago  or  New  York. 


PEROXIDE  VALUE 

Oils  in  Control  Drums 

The  rates  of  increase  in  peroxide  value  during 
storage  were  not  significantly  different  for  oils  in 
10  control  drums  of  once-refined  oils,  in  4  control 
drums  of  degummed  crude  oils,  or  in  8  control 
drums  of  crude  oils. 

The  10  regressions  between  the  peroxide  values 
and  accumulated  time-temperature  units  of  once- 
refined  oils  showed  that  the  coefficients  of  determi- 
nation (r2)  ranged  from  0.5162  to  0.9866.  Standard 
errors  of  estimate  ranged  from  ±4  to  ±8,  with  an 
overall  value  of  ±  5. 

After  the  fundamental  data  from  the  10  regres- 
sions of  134  observations  were  grouped,  the  follow- 
ing formula  was  calculated : 


7 


=  1.244271   +  0.373377X 
7-      =  0.9310 
Stx  =   ±9,  which  is  shown  in  figure  7  for 
the  top  regression  line. 

The  4  regressions  of  degummed  crude  oil  showed 
that  the  coefficients  of  determination  (r2)  ranged 
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10  8 

INITIAL  REFINED  COLOR  (A.O.C.S.  red  units) 

Figure  6. — Estimated  relation  of  initial  and  final  refined  color  of  crude  soybean  oils,  stored  in  vertical  cylindrical  field 
tanks  and  50-gal.  control  drums,  filled  to  capacity,  for  a  period  of  230  time-temperature  units.  This  is  equivalent 
to  about  2  years  at  New  Orleans  or  Los  Angeles  or  3%  years  at  Chicago  or  New  York. 


PREDICTING    QUALITY    OF    STORED    SOYBEAN    OILS, 


11 


Table  4. — Decreases  in  refined  color  in  A.O.C.S.  red  units  for  soybean  oils  stored  4  years  at  Beltsville,  Md. 

in  control,  no-breather,  and  half -filled  drums 


Kind  of  oil 


Initial 
color  l 


Control  drums 


Final 
color  ' 


Decrease 
in  color 


No-breather  drums 


Final 
color  ! 


Decrease 
in  color 


Half-filled  drums 


Final 
color  ' 


Decrease 
in  color 


Once-refined 

Degummed  crude 
Crude 

Average. _. 


10.77 
8.45 
8.50 
9.  24 


6.00 
6.45 
6.45 
6.30 


4.75 
2.00 
2.05 
2.94 


7.75 
7.  10 
7.15 
7.33 


3.02 
1.35 
1.35 
1.91 


3.70 
5.95 
6.05 
5.23 


7.07 
3.50 
3.45 
4.01 


Determined  from  formulas  shown  in  figures  1,  2,  and  3. 


from  0.8314  to  0.9543.  Standard  errors  of  estimate 
ranged  from  ±4  to  ±8,  with  an  overall  value 
of  ±7. 

After  fundamental  data  from  the  4  regressions 
of  40  observations  were  grouped,  the  following 
formula  was  calculated : 

Y  =  0.280112X  —  2.441097 
r2      =  0.8832 

SYx  =  ±4,  which  is  shown  in  figure  7  for 
the  middle  regression  line. 

Peroxide  values  for  crude  oils  were  determined 
after  the  oils  had  been  stored  for  2  years  and  then 
refined.  Two  control  drums  of  once-refined  oil  and 
two  of  crude  oil  from  the  same  source  had  been 
placed  in  storage  2  years  before  all  the  other  oils ; 
the  data  for  oils  in  these  four  drums  were  not  com- 
parable enough  to  include  in  the  correlations  for 
peroxide  value. 

The  8  regressions  of  crude  oils  showed  that  the 
coefficients  of  determination  (r2)  ranged  from 
0.9335  to  0.9783.  Standard  errors  of  estimate 
ranged  from  ±3  to  ±6,  with  an  overall  value  of 
±5. 

After  the  fundamental  data  from  the  8  regres- 
sions of  80  observations  were  grouped,  the  follow- 
ing formula  was  calculated : 

Y  =  0.330107X  -  -  30.765300 
r2      =  0.8857 

Syx  =  ±8,  which  is  shown  in  figure  7  for 
the  bottom  regression  line. 

Comparison  of  Once-Refined,  Degummed 
Crude,  and  Crude  Oils. — A  comparison  can  be 
made  among  the  increases  in  peroxide  value  for  the 
three  kinds  of  oils  (fig.  7) . 

The  rate  of  increase  (0.37314)  in  peroxide  value 
for  refined  cottonseed  oils  in  drums  (table  3)  is 
much  the  same  as  that  for  the  once-refined  soybean 
oils  (0.373377),  which  is  shown  on  page  9.  There 
also  appears  to  be  little  difference  in  the  rates  of 
increase  in  peroxide  value  among  the  three  kinds 
of  oil. 


The  times  of  the  initial  increase  in  peroxide 
value  for  the  once-refined  oils  and  for  the  de- 
gummed crude  oils  are  only  slightly  different,  but 
the  times  for  these  two  oils  and  the  times  for  the 
crude  oils  are  distinctly  different.  Natural  anti- 
oxidants in  the  oils  could  account  for  these  differ- 
ences in  increase  in  peroxide  value  or,  in  other 
words,  in  the  initial  and  the  later  oxidation  shown 
by  the  regression  lines. 

Apparently  some  antioxidants,  including  to- 
copherols, were  not  eliminated  by  degumming  or 
refining  the  fresh  crude  oils,  so  were  present  in  all 
three  kinds  of  oils.  These  antioxidants  could  ac- 
count for  the  similarity  of  rate  of  increase  in 
peroxide  value  in  the  three  kinds  of  oils  above  100 
time-temperature  units. 

However,  some  other  antioxidants  were  elimi- 
nated by  refining  or  degumming  the  fresh  crude 
oils,  so  were  not  present  in  the  once-refined  or 
degummed  crude  oils.  These  antioxidants  may  have 
delayed  oxidation  in  the  fresh  crude  oils." 

Tocopherols  lose  their  antioxidant  properties 
with  time-temperature ;  furthermore,  as  oxidation 
increases,  the  hydroperoxides  break  down  to  form 
secondary  oxidation  products.  Oil  stored  at  Belts- 
ville for  4  years  did  not  react  this  way.  However, 
the  rate  of  increase  in  peroxide  value  for  once- 
refined  oils  stored  in  two  control  drums  for  6  years 
was  lower  between  the  4th  and  6th  years  than  dur- 
ing the  first  4  years  of  storage.  The  rates  of  de- 
crease in  refined  color  of  the  once-refined  oils  and 
the  crude  oils  stored  for  6  years  was  the  same  for 
all  6  years. 

Relation  to  Field  Tank  Storage. — The  in- 
crease in  peroxide  value  for  the  once-refined,  the 
degummed  crude,  and  the  crude  oils  stored  for  230 
time-temperature  units  in  field  tanks  can  be  cal- 
culated by  adding  the  factors  used  to  calculate  de- 
crease in  refined  color.  See  pages  7  and  8.  These 
results  are  shown  in  figures  8,  9,  and  10. 
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Figure  8. — Estimated  increase  in  peroxide  value  of  once-refined  soybean  oils,  stored  at  six  locations  in  vertical  cylindrical 
field  tanks  and  50-gal.  control  drums,  filled  to  capacity,  in  relation  to  time-temperature. 
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Figure  9. — Estimated  increase  in  peroxide  value  of  degummed  crude  soybean  oils,  stored  at  six  locations  in  vertical 
cylindrical  field  tanks  and  50-gal.  control  drums,  filled  to  capacity,  in  relation  to  time-temperature. 
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Figure  10. — Estimated  increase  in  peroxide  value  of  crude  soybean  oils,  stored  at  six  locations  in  vertical  cylindrical  field 
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The  factors,  which  were  originally  determined 
for  oils  in  Held  tanks  with  a  capacity  of  only  8  mil- 
lion pounds,  could  be  extrapolated  to  estimate  oil 
in  tanks  with  capacities  as  great  as  20  million 
pounds,  in  which  the  factor  would  be  about  0.0S. 

The  delayed  oxidation  in  the  storage  of  crude 
oils  in  field  tanks  with  a  capacity  greater  than  8 
million  pounds  and  the  rate  of  peroxide  value  in- 
crease shown  in  figure  10  indicate  that  crude  soy- 
bean oils  could  have  quite  low  peroxide  values  for 
what  could  be  called  long-term  storage.  Further- 
more, during  this  long-term  storage,  refined  color 
could  appreciably  decrease,  as  shown  in  figure  6. 
However,  lower  refined  colors  throughout  storage 
do  not  necessarily  mean  lower  colors  after  bleach- 
ing. See  "Bleached  Oolor." 

Oils  in  No-Breather  and  Half-Filled  Drums 

Previously  developed  formulas  can  show  the 
effect  of  storage  of  once-refined,  degummed  crude, 
and  crude  soybean  oils  in  no-breather  drums  in 
which  access  to  air  is  limited  and  in  half-filled 
drums  in  which  temperatures  of  the  oils  are  higher 
than  temperatures  of  oils  in  control  drums.  The 
oils  in  the  no-breather  drums  increased  in  peroxide 
value  at  a  lower  rate  than  oils  in  the  control  drums, 
and  increased  at  a  higher  rate  than  oils  in  the  half- 
filled  drums.  Table  5  shows  the  final  peroxide 
values  of  the  three  kinds  of  oil. 

The  much  lower  rate  of  oxidation  shown,  both 
by  increase  in  peroxide  value  (table  5)  and  de- 
crease in  refined  color  (table  4),  in  oils  with 
limited  access  to  air,  indicates  that  air  should  be 
reduced  to  a  minimum  if  oils  are  to  be  stored  for 
long  periods.  At  some  expense,  air  can  be  reduced 
either  mechanically  or  by  replacing  the  air  with 
an  inert  gas  or  by  both  methods,  in  large  field 


tanks,  and  still  provide  for  variation  of  pressure 
due  to  ambient  conditions. 


BLEACHED  COLOR 
Once-Refined  Oils  in  Control  Drums 

In  the  earlier  report  on  refined  cottonseed  oils,10 
the  relationship  between  initial  refined  color  and 
bleached  color  is  significant.  No  relationships 
similar  to  those  in  refined  cottonseed  oils  were 
found  in  once-refined  soybean  oils,  either  before 
or  after  storage. 

The  five  different  once-refined  soybean  oils  in- 
creased in  bleached  color  until  about  the  end  of  the 
first  year  in  storage  at  Beltsville,  Md.  The  rate  of 
increase  was  significant  for  each  oil  but  different 
among  the  oils.  After  the  first  to  second  year,  the 
oils  either  decreased  in  bleached  color  or  did  not 


change.  Changes  in  bleached  color  in  relation  to 
time-temperature  are  shown  in  figure  11.  The 
curves  for  the  last  2  to  3  years  have  been  drawn 
free  hand  because  only  limited  observations  are 
available  for  this  storage  period.  For  the  first  1  to 
2  years,  significant  regressions  are  used. 

X.S.P.A.  specifications  include  a  limit  of  3.5 
A.O.C.S.  red  units  in  bleached  color  of  once-refined 
soybean  oils.  All  the  oils  were  within  this  specifica- 
tion at  the  beginning  and  end  of  storage;  however, 
the  oil  from  Georgia  extracted  by  screw  press  ex- 
ceeded this  specification  during  the  second  year  of 
storage. 

In  the  cottonseed  oil  study,11  the  changes  of 
bleached  color  of  the  stored  refined  oils  were  the 


10  See  footnote  1,  page  1. 
u  See  footnote  1,  page  1. 


Table  5. — Final  peroxide  values  oj  soybean  oils  stored  4  years  at  Beltsville;  Md.,  in  control,  no-breather, 

and  halj-filled  drums 


Control  drums 

No-breather  drums 

Half-filled  drums 

Kind  of  oil 

Formula  ' 

Final 

peroxide 

value  2 

Formula  3 

Final 

peroxide 

value  2 

Formula  3 

Final 

peroxide 

value  2 

Once-refined . 

Degummed  crude 

Crude           .      . 

Y  =        1.  244271 

+  0.  37377X 

Y  =       0.  2801 12X 

-  2.  441097 

Y  =       0.  3301 07X 

-   30.  765300 

113 

82 
68 

Y  =     13.  917984 

+  0.  131776X 

Y  =     23.  236899 

+  0.  000545X 

Y  =        4.  237459 

+  0.  048006  X 

53 

23 

19 

Y  =       0.  689509X 

-  0.  484081 

Y  =     34.  103879 

+  0.  322349X 

Y  =        0.  489146X 

-    55.  161002 

206 

131 

92 

1  As  shown  in  figure  7. 

2  At  300  time-temperature  units. 

3  From  regression  for  each  kind  of  oil  in  duplicate  drums,  with  20  observations  each.     All  conditions  had  high  coeffi- 
cients of  determination  and  low  standard  errors  of  estimate. 
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Figure  11.— Change  in  bleached  color  of  five  once-refined  soybean  oils,  stored  at  six  locations  in  control  drums,  in 

relation  to  time-temperature. 


same  in  the  drums  and  in  various  size  field  tanks, 
even  though  the  oil  in  the  drums  were  at  higher 
temperatures  than  oils  in  small  field  tanks  and  oils 
in  small  field  tanks  were  at  higher  temperatures 
than  oils  in  large  field  tanks.  This  also  could  be 
true  for  the  refined  soybean  oils  as  there  has  been 
some  confirmation  where  the  oil  from  Illinois  '59 
was  stored  in  half -filled  drums  (higher  tempera- 
tures than  in  control  drums)  in  the  following 
discussion. 

Once-Refined  Oils  in  No-Breather  and  Half-Filled 
Drums 

The  changes  in  bleached  color  of  the  oil  in  the 
no-breather  and  half -filled  drums  can  be  compared 
to  the  changes  of  the  oil  in  the  control  drums  ob- 
tained from  the  same  lot  (fig.  12).  The  curve 
labelled  "Illinois  '59"  in  figure  11  is  shown  as  "con- 
trol drums"  in  figure  12,  which  can  be  compared 
to  the  same  oil  stored  in  no-breather  and  half -filled 
drums. 

Although  there  appears  to  be  little  difference 
in  change  of  bleached  color  for  the  oils  in  the  con- 
trol and  half-filled  drums  (higher  temperatures 
were  recorded  in  the  half-filled  drums) ,  there  is 
some  difference  in  the  no-breather  drums,  where 


there  was  limited  access  to  air.  This  could  indicate 
that  lack  of  air  during  storage  influenced  the 
color  constituents  during  storage  of  the  once- 
refined  oil  to  cause  it  to  become  somewhat  less 
bleachable. 

Degummed  Crude  and  Crude  Oils  in  Drums 

Degummed  crude  and  crude  soybean  oils  also 
increased  in  bleached  color  in  storage  at  about  the 
same  rate  for  the  first  2  years.  However,  after 
about  the  end  of  the  second  year  of  storage 
at  Beltsville,  the  oils  in  the  control  and  in  the  half- 
filled  drums  decreased  in  color  whereas  the  oils  in 
the  no-breather  drums  either  increased  or  remained 
unchanged  in  bleached  color  (fig.  13).  All  the  oils 
for  that  part  of  the  curve  shown  in  the  figure  for 
up  to  about  2  years  in  storage  at  Beltsville  are 
shown  as  a  group  because  differences  in  the  regres- 
sion coefficients  were  not  significant.  They  are 
shown  with  a  common  initial  bleached  color  of  1.8 
A.O.C.S.  red  units. 

All  the  data  for  degummed  crude  and  crude  oils 
in  the  control  drums  could  also  be  grouped  for  a 
single  regression  during  the  last  2  years  of  storage. 
Data  for  oils  in  the  no-breather  drums  are  shown 
as  three  regression  lines  during  the  last  2  years. 
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half-filled  drums,  in  relation  to  time-temperature. 


One  line  is  for  the  crude  oils  and  one  for  each  of 
the  degummed  crude  oils  that  differed  in  change 
in  bleached  color.  Here,  as  with  the  once-refined 
oils  in  no-breather  drums,  the  lack  of  air  could 
have  affected  the  bleachability  of  the  degummed 
crude  and  cmde  oils  in  storage. 

During  the  second  year  of  storage,  the  rates  of 
decrease  in  bleached  color  of  degummed  crude  and 
crude  oils  in  control  drums  differed  significantly 
from  rates  in  half -filled  drums.  However,  the  rates 
of  once-refined  oils  did  not  change  during  this 
time. 

Apparently,  the  higher  temperatures  in  the 
half-filled  drums,  as  compared  to  temperatures  in 
the  control  drums,  increased  the  bleachability  of 
oil  in  the  half-filled  drums.  Accordingly,  the 
changes  in  bleached  color  during  storage  of  de- 
gummed crude  and  crude  soybean  oils  in  drums 
would  not  be  the  same  as  changes  in  field  tanks 
where  storage  temperatures  would  be  lower. 

Bleached  color  of  crude  soybean  oils  is  an  im- 
portant quality  factor  affecting  the  value  of  these 
oils  in  trade.  Although  specifications  of  N.S.P.A. 
have  a  limit  of  6.0  A.O.C.S.  red  units  on  the  re- 
fined-bleached color  of  degummed  crude  and  crude 
soybean  oils,  discounts  in  price  are  made  for  oils 


higher  than  3.5  red  units.  However,  none  of  the 
oils  in  this  study  exceeeded  3.5  at  any  time  in  stor- 
age, and  we  can  conclude  that  storage  did  not  affect 
the  value  of  the  oils  according  to  N.S.P.A. 
specifications. 

FREE  FATTY  ACIDS 
Once-Refined  Oils  in  Control  Drums 

Free  fatty  acids  increased  during  storage  in 
four  out  of  five  once-refined  soybean  oils  in  con- 
trol drums;  however,  the  oil  from  Minnesota  was 
well  over  N.S.P.A.  specifications  of  0.1  percent 
initially.  The  oil  from  Georgia  extracted  by  screw 
press  did  riot  change  in  free  fatty  acids  during  4 
years  of  storage  at  Beltsville,  Md.  The  rates  of  in- 
crease in  oils  in  each  set  of  duplicate  drums  did  not 
differ.  The  data  for  four  of  the  oils  are  given  in 
figure  14.  Data  for  the  oil  from  Minnesota  are  not 
shown. 

The  regression  data  for  these  30  observations  are 
as  follows : 


f- 
Syz 


=   0.279383   +   0.000435X 

=  0.6479 

=   ±0.029559 
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Figure  13. — Change  in  bleached  color  of  degummed  crude  and  crude  soybean  oils,  stored  at  six  locations  in  control, 
no-breather,  and  half-filled  drums,  in  relation  to  time-temperature. 


An  overall  formula  was  found  to  indicate  a  sta- 
tistical relationship  among  the  oils  for  thedecrease 
in  refined  color  and  the  increase  in  peroxide  value 
of  soybean  oil,  but  no  such  formula  was  found  to 
indicate  the  increase  in  free  fatty  acids.  However, 
the  rate  of  increase  in  free  fatty  acids  is  appar- 
ently greater  for  oil  with  initially  low  free  fatty 
acids  than  for  oil  with  initially  high  free  fatty 
acids,  except  for  oil  above  specifications 
(Minnesota). 

According  to  figure  14,  the  two  oils  from  Illinois 
and  the  oil  from  Arkansas,  although  different 
initially  in  free  fatty  acids,  all  exceeded  specifica- 
tions during  4  years  of  storage  at  Beltsville,  Md. 

Once-Refined  Oils  in  No-Breather  and  Half-Filled 
Drums 

When  the  once-refined  oils  stored  under  three 
different  conditions  but  with  the  same  initial  free 
fa,tty  acid  content  were  compared,  the  rate  of  in- 
crease in  free  fatty  acids  in  oil  in  half-filled  drums 
(at  higher  temperatures)  was  significantly  higher 
than  that  in  oil  in  control  drums.  As  a  result  of 
limited  access  to  adr,  the  rate  of  increase  in  free 


fatty  acid  in  oil  in  no-breather  drums  was  signifi- 
cantly lower  than  that  in  oil  in  control  drums.  This 
is  shown  in  table  6. 

Table  6  shows  the  comparison  between  the  in- 
crease in  free  fatty  acids  in  the  once-refined  oil 
in  control  drums  and  that  in  the  oil  in  no-breather 
and  in  half-filled  drums. 

We  can  assume  that  these  data  also  indicate  that 
free  fatty  acids  increase  faster  in  drums  than  in 
field  tanks  where  the  range  of  temperature  is  less 
than  that  in  drums. 

Degummed  Crude  and  Crude  Oils  in  Drums 

The  effect  of  storage  on  free  fatty  acids  in 
degummed  crude  and  crude  oils  was  quite  different 
from  its  effect  on  free  fatty  acids  in  once-refined 
oils.  The  free  fatty  acids  in  oils  in  duplicate  drums 
received  from  Arkansas,  Georgia,  and  Minnesota — 
two  drums  of  degummed  crude  and  six  of  crude 
oil — with  initial  free  fatty  acids  ranging  from  0.46 
to  0.89  percent  did  not  change  during  4  years  of 
storage  at  Beltsville.  Standard  deviations  from  the 
mean  content  were  ±0.0081  for  the  degummed 
crude  oils  and  from  ±0.0429  to  ±0.1120  for  the 
crude  oils. 
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Figure  14. — Increase  in  free  fatty  acids  of  four  once-refined  soybean  oils,  stored  at  six  locations  in  control  drums,  in 

relation  to  time-temperature. 


PREDICTING    QUALITY    OF   STORED    SOYBEAN    OILS, 
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The  free  fatty  acids  in  oils  in  duplicate  drums 
received  from  Illinois  increased  significantly  dur- 
ing storage;  namely,  six  drums  of  degummed  crude 
in  1959,  two  drums  of  crude  in  1957,  and  six  drums 
of  crude  in  1959.  Oils  received  in  1959  were  in 
half-filled  and  no-breather  drums,  as  well  as  in 
control  drums. 


The  rates  of  increase  in  free  fatty  acids  in  the 
degummed  crude  oils  in  five  of  the  six  drums  and 
the  crude  oils  in  the  eight  drums  did  not  differ 
significantly.  These  data  were  grouped  and  are 
shown  in  figure  15. 

The  data  for  the  sixth  drum  of  degummed  crude 
oil  are  not  shown  in  the  figure.  The  initial  free 
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Figure  15. — Increase  in  free  fatty  acids  in  degummed  crude  and  crude  oil  from  the  same  source,  each  stored  at  six 
locations  in  control,  no-breather,  and  half -filled  drums,  in  relation  to  time-temperature. 
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Table    6. —  Increase  of  free  fatty  acids  in  a  once-refined  soybean  oil  stored  4 
years  at  Beltsmlle,  Md.,  in  control,  no-breather,  and  half-filled  drums 


Initial  free 
fatty  acids  ' 

Control  drums 

No-breather  drums 

Regression 
coefficient : 

Final  free 
fatty  acids  3 

Regression 
coefficient 2 

Final  free 
fatty  acids  3 

0.059          .    

0.000251 

0.135 

0.000172 

0.070 

Initial  free 
fatty  acids  ' 

Control  drums 

Half-filled  drums 

Regression 
coefficient 2 

Final  free 
fatty  acids  3 

Regression 
coefficient 2 

Final  free 
fatty  acids 3 

0.058 

0.000251 

0.135 

0.000526 

0.210- 

1  From  regressions  for  no-breather  and  half-filled  drums. 
:  From  regressions  using  initial  free  fatty  acids  in  column  1. 

3  Free  fatty  acids  at  end  of  4-year  storage — equivalent  to  300  time-temperature  units  = 
Initial  free  fatty  acids  4- 300 X  regression  coefficient. 


fatty  acids  in  this  drum  were  considerably  higher 
than  those  in  the  other  five  drums,  even  though  all 
the  oils  were  identical  at  the  source.  The  regression 
for  this  oil  showed  the  following  for  the  10  obser- 
vations: 


7 

r- 


2.245131   +   0.005536X 

0.9712 

±0.004217 


Xo  further  investigations  were  made  to  explain 
these  results. 

The  N.S.P.A.  has  not  established  domestic 
specifications  for  free  fatty  acids  in  degummed 
crude  or  crude  oils:  however,  increases  in  free 
fatty  acids  increase  refining  losses,  which  would, 
in  turn,  increase  discounts  in  price. 

The  effect  of  storage  on  increase  in  free  fatty 
acids  in  the  oils  cannot  be  predicted,  even  though 
increases  were  evident.  These  small  increases  would 
not  increase  discounts  appreciably.  Furthermore, 
the  increases  in  free  fatty  acids  of  the  once-refined 
oils  can  be  expected  to  be  less  when  the  oils  are 
stored  in  field  tanks  than  when  they  are  stored  in 
drums. 

REFINING  LOSS  OF  DEGUMMED  CRUDE  AND 
CRUDE  OILS 

Relationships  between  the  free  fatty  acids  and 
the  cup  refining  loss  of  the  degummed  crude  and 
crude  oils  initially  and  during  storage  were  highly 
significant  (fig.  16). 

The  rate  of  increase  between  these  two  charac- 
teristics is  very  similar  to  that  determined  for 
crude  cottonseed  oil.12  The  rate  of  increase  for  cot- 


tonseed oil  is  2.075;  that  for  soybean  oils  is 
•2.048896.  However,  the  cup  refining  loss  at  the 
same  free  fatty  acid  content  is  lower  in  soybean 
oils  than  in  cottonseed  oils  because  the  initial  free 
fatty  acid  content  in  soybean  oils  is  lower. 
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Y=l  320163  +  2.048896X 
R2=07862 


See  footnote  1,  page  1. 
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Figure  16. — Relation  of  free  fatty  acids  to  cup  refining 
loss  of  degummed  crude  and  crude  soybean  oils  stored 
in  drums. 


U.S.  GOVERNMENT  PRINTING  OFFICE:  1967      O— 263-617 


